this structure was no longer involved (Squire, 1992). A second observation is that when brain pathology includes damage to the neocortex remote memory is
Figure 1. Cortical Consolidation
Information is processed and encoded in various neocortical regions and then rapidly linked in the hippocampus. During periods of inactivity and sleep, the hippocampus activates areas of the neocortex involved in the initial learning event. Simultaneous activation of these disparate neocortical areas allows connections to gradually form between them. Once these neocortical connections are sufficiently strong, the memory is consolidated and becomes independent of the hippocampus. In conclusion, contemporary ideas about memory slow, extended process, and why the hippocampus is needed as a temporary link between distributed cortical consolidation in cortical networks could be summarized as follows (Figure 1 ): information from various neocortimemories. New memories need to be incorporated into existing knowledge structures in the cortex through a cal regions is rapidly and temporarily linked through the hippocampus via well-established plasticity mechagradual, interleaving process to avoid losing old information. In contrast, the hippocampus is designed to do nisms (Chen (2003) showed that hippocampal lesions in rats cause a large deficit in trace congrowth-associated protein GAP43 compared to a 1 day retention group. This suggests that synaptic changes in ditioning when made early but not late after training. In contrast, lesions of the medial PFC (including the cortical regions may underlie the formation or stabilization of remote memories in the cortex. A related finding prelimbic and anterior cingulate cortex) produced the reverse gradient; they had no effect early after training is that mice with a dominant-negative transgenic PAK, a regulator of actin remodeling, also exhibit remote but were devastating when made at later time points. These results parallel Bontempi's activation data ( 
often impaired (Graham and
Hodges
Based on these results, the authors propose that pericellular and molecular mechanisms mediating these changes? A similar question was asked about hippoodic activation of NMDARs is required for the maintenance of synaptic changes underlying cortical memory campal learning, and we now have a plethora of information on this topic (Silva, 2003). In similar fashion, the traces, an idea that they had previously explored computationally (Wittenberg et al., 2002). Interestingly, it is studies discussed in this section have set the stage for a comprehensive analysis of neocortical plasticity
still unknown whether NMDARs are required for the initial storage of remote memory in cortical networks. mechanisms mediating remote memory consolidation. In fact, studies have already begun to elucidate some
The results presented above demonstrate that memory researchers are beginning to delineate the molecular of these mechanisms. and cellular mechanisms involved in cortical consolidation. These findings suggest that at least some of the Molecular Mechanisms of Cortical Consolidation molecules involved in hippocampal plasticity (e.g., PKA, In contrast to the well-described hippocampal system, PKC, MAPK, CREB) may also be required for remote there is a paucity of information about the mechanisms memory storage in cortical networks. However, it is posof information storage in cortex. Previous work has sible that distinct cortical molecular and cellular mechashown that ␣-CaMKII is essential for LTP and hippocamnisms will also be found. Enhancing or inhibiting these pus-dependent learning ( involved in cortical memory consolidation. The last secThe authors speculated that the loss of cortical LTP tion of this review discusses possible directions of this prevented memory consolidation in the cortex and proarea of memory research and highlights a few topics duced the unusual amnesic phenotype seen in these that will be critical to our understanding of cortical memmice. The implication is that ␣-CaMKII is a critical factor ory consolidation. for the cortical plasticity underlying consolidation.
In a subsequent paper, Frankland et al. (2004) showed that the increases in neocortical activation, as measured

Future Studies
The Role of Specific Neocortical Areas by IEG induction, observed during remote memory retrieval were completely absent in the ␣-CaMKII mutants.
in Consolidation Current studies demonstrate that several neocortical Early hippocampal activation was normal in the mutants, while the delayed neocortical activation observed in regions become activated as memories age. Surprisingly, several regions of the PFC are reliably activated controls never emerged. This suggests that memory Remarkably, these mice showed normal memory when tested at more remote time points (7, 10, and 13 days), and Buckner, 1998). Remote memories may be more difficult to retrieve and thus require greater PFC activaas if the retrieval of cortically consolidated memories did not require adrenergic function. Future studies may tion. Given its widespread connections, the PFC could orchestrate the activation of multiple neocortical areas, find modulatory neurotransmitters that are required specifically for memory retrieval in the neocortex. Similar a process that is likely essential for memory retrieval and consolidation. In addition, the PFC may also inhibit molecular distinctions may also be found during storage of information in hippocampal and cortical networks. the hippocampus during the retrieval of remote memories and prevent it from reencoding redundant informa- 
